Abstract
Introduction
The need for increased student achievement in secondary mathematics in the United States is well established. The National Assessment of Educational Progress (NAEP) reported that in the year 2000, 35% of 12 th grade students performed at a "Below Basic" level on the math portion of their assessment. What is more, 83% of students performed at a level lower than "Proficient" (National Center for Education Statistics, 2004) .
The need for improved student performance in mathematics is acutely apparent in the state of Oklahoma. In 2004, the Oklahoma State Board of Education reported that only 27% of all students who completed an algebra 1 class scored in the range of "satisfactory" or "advanced" performance level on the Oklahoma core curriculum end of instruction examination for algebra 1. A full one-fourth of all algebra 1 students in the state scored "unsatisfactory" on their end of instruction examinations (Oklahoma State Board of Education, 2004) .
A reflection of this discrepancy in mathematics achievement is the remedial course work in mathematics offered by many universities in the United States. For example, the National Center for Education Statistics (2003) reported that in fall 2000 22% of postsecondary students required remedial course work in mathematics.
In addition, the Center determined that 71% of all Title IV, degree granting, two-and four-year institutions that admit freshmen were offering at least one remedial mathematics course. Even though two-year public schools were the most likely institutions to provide remedial courses (98% reported that they did so), public fouryear universities were close behind with 80% reporting that they offered at least one such course.
This remedial instruction not only delays a student's progress toward completion of a degree but it is also a significant cost to the American public. To that end, researchers from the state of Michigan reported that remedial education may be taxing the United States economy at a rate of 16.6 billion dollars per year (Mackinac Center for Public Policy, 2000) . This is a staggering figure that should be considered when developing approaches to reform in education.
In order for secondary agricultural education to remain effective in producing well prepared and highly qualified graduates, programs must provide a strong emphasis on traditional academic skills (National Research Council, 1988 ). Newcomb (1995) supported this position when he stated, "The need to have [agricultural education] students graduate with the demonstrated capacity to think at the higher levels of Bloom's taxonomy is more urgent than ever. The nature of the world we live in demands it" (p. 4). Moreover, it is essential that the modern secondary agricultural education curriculum develop well-rounded individuals who are capable of adapting to the ever-expanding and increasingly complex agriculture and food system in which they may be employed (National Research Council).
Recent secondary mathematics education literature suggests that a trend toward reform in mathematics education has materialized as a form of contextualized learning. The impetus for this movement was summarized by Yager (n.d.) when the author stated, "Since the mid 1980s, we have learned more about learning. We now know that most students do not learn what teachers teach. Instead they retain explanations personally constructed to account for phenomena in the rational universe" ( ¶ 7). To that end, Romberg (1994) asserted that academic retention by students increases when subject matter is presented through familiar contexts. Moreover, Bailey (1998) contended that specific coursework should be developed through which mathematics may be presented in a contextual manner, including agricultural education:
Agriculturally based activities, such as 4H and Future Farmers of America [, now FFA,] have for many years used the farm setting and students' interests in farming to teach a variety of skills. It only takes a little imagination to think of how to use the social, economic, and scientific bases of agriculture to motivate and illustrate skills and knowledge from all of the academic disciplines. (p. 27) Also in support of contextually-based instruction in mathematics is the National Council of Teachers of Mathematics (NCTM). The council has determined that effective teaching of mathematics should include providing students with opportunities to develop a deeper sense of meaning as an outcome of their instruction (Kahle, 1998) . According to the NCTM (2005), "The opportunity to experience mathematics in context is important. What is more, students should connect mathematical concepts to their daily lives, . . . " (Connections section, ¶ 3).
Theoretical Framework
The theoretical framework for this study rests upon the model of teaching and learning posited by Dunkin and Biddle in 1974 (Figure 1 ), who refined and operationalized concepts espoused by Mitzel (1960) . According to Dunkin and Biddle (1974) Process variables refer to the actual activities that occur during the act of teaching. The process variables for this study included a prescribed method of delivery of math-enhanced lessons in the context of agricultural power and technology, i.e., "The '7-Elements' of a Math-Enhanced Lesson" (Stone, Alfeld, Pearson, Lewis, & Jensen, 2004; Figure 2) . Product variables represent changes in student behavior as a result of the interaction of all other variables. The product variable of interest was level of student performance on a mathematics examination used to determine an individual's need for mathematics remediation at the postsecondary level.
The study's design included a control or "counterfactual group" for the purpose of testing treatment effects by comparing performance of experimental and control students by group at conclusion of the experiment. 
Purpose
The purpose of this study was to empirically test the hypothesis that students who participate in a contextualized, mathematics-enhanced high school agricultural power and technology curriculum and aligned instructional approach would develop a deeper and more sustained understanding of selected mathematical concepts than students who participated in the traditional curriculum, thus resulting in less need for postsecondary mathematics remediation.
Research Questions and Null Hypothesis
The following research questions guided the study: 1) What were selected characteristics of students enrolled in, and instructors teaching, agricultural power and technology in the state of Oklahoma during the spring 2004 semester? 2) Does a mathenhanced agricultural power and technology curriculum and aligned instructional approach affect a student's need for postsecondary math remediation?
The following null hypothesis guided the study's statistical analysis: H o There is no difference between the two study groups on a mathematics placement test used to determine a student's need for mathematics remediation at the postsecondary level.
Methods and Procedures
This study employed a posttest only control group experimental design (Campbell & Stanley, 1963) . Thirty-eight agriculture teachers volunteered to participate in the study. Before teachers agreed to take part in the study, researchers explained that each teacher would be randomly assigned to either the experimental or control group to increase the probability of equality among the two groups of students who would provide data for analysis. Subsequently, classrooms were randomly assigned to either the experimental or control group. The assignment involved intact groups of students; thus, the "unit of analysis" was by classroom.
In addition to the random assignment to groups, the two groups (experimental and control) were assessed to determine level of equivalence concerning basic mathematics aptitude (Campbell & Stanley; Tuckman, 1999) prior to the treatment.
The two groups were not significantly different (p > .05) based on their performance on the Terra Nova CAT™ Basic Battery Examination (Tables 2 & 3) . Following the treatment, comparisons were made between group means on a posttest measure designed to determine a student's need for postsecondary remediation in mathematics. This design was chosen primarily on the basis of its robust nature concerning validity and reliability. According to Tuckman (1999) , this type of experimental design ". . . provide [s] completely accurate controls for all sources of internal validity" (p. 161). In addition, Dunkin and Biddle (1974) contended that their model (Figure 1 ) could be used as an explanatory framework for describing the effects of an experimental treatment of the kind implemented.
The ACCUPLACER (Elementary Algebra test, The College Board; 35 items) was the posttest used to compare performance of the groups as it related to student need for postsecondary mathematics remediation.
The examination has an internal consistency reliability coefficient of .92 (Cronbach's alpha) (College Entrance Examination Board, 2002) . This examination was very similar in format to "pencil and paper," standardized tests used often to assess student mathematics achievement. According to Campbell and Stanley (1963) , . . . in research on teaching, one is interested in generalizing to a setting in which testing is a regular phenomenon. Especially if the experiment can use regular classroom examinations as Os, but probably also if the experimental Os are similar to those usually used, no undesirable interaction of testing and X would be present. (p. 18)
The experimental intervention (or treatment) embedded in this design required the preparation of agriculture teachers (i.e., a presage variable) to develop and implement a math-enhanced curriculum in the context of an agricultural power and technology course. The experimental group agriculture teachers had math teacher "partners" to assist them in developing math-enhanced lesson plans in the context of agricultural power and technology, and in how to enhance student understanding of the embedded mathematics within the lessons.
Eighteen agriculture teachers and their math teacher partners were randomly assigned to the experimental group, and 20 agriculture teachers to the control group. Initially, two additional teachers were randomly assigned to the experimental group but both teachers chose to not participate in the study prior to the first professional development meeting. This design yielded an overall N of 447 agricultural power and technology students (experimental n = 206; control n = 241) who provided data for analysis. Prior to the study beginning, teachers provided curriculum artifacts that documented the math instruction in their courses. Analysis of those artifacts provided little evidence of explicit mathematics instruction in either group. The experimental group teachers implemented a math-enhanced agricultural power and technology curriculum and instructional approach (i.e., process variables). The control group teachers taught the traditional curriculum (Oklahoma Department of Vocational and Technical Education, 2000) and were instructed to use the same instructional approach they used in the past.
This study was a part of a larger investigation that included the collection of data concerning other aspects of student achievement. Therefore, each student was randomly assigned (within the class) to take one of three posttest measures. This random assignment was performed for at least two purposes.
First, the administration of multiple posttests to each student could have introduced a level of test fatigue that resulted in negative effects on student performance (Enderlin & Osborne, 1992) . Second, this decision was made to reduce the expense of posttesting while protecting the integrity of posttest results. For these reasons, the number of students who took the pre-treatment measure of math equivalence (N = 447) does not match the number of students who took the ACCUPLACER posttest (n = 125).
The partnering of high school math teachers with agricultural power and technology teachers encouraged instructors to function as a team. The pairs of teachers (agriculture and math) spent five days together in professional development during the fall of 2003. The purpose of this activity was to create mathematically-enhanced lessons in the context of agricultural power and technology. The role of math teachers was to work with their agriculture teacher partners to identify and develop content as well as to design lesson activities to more fully contextualize mathematics terminology, principles, and concepts embedded in the curriculum.
Prior to developing the math-enhanced lessons, a panel of experts convened to identify specific mathematical constructs that were present in the Oklahoma agricultural power and technology curriculum. It was determined that there were nine constructs in the existing curriculum that aligned with state and national mathematics standards (Parr, 2004) . The teacher teams were charged with developing a lesson to address one of the identified constructs, which would result in 18 lessons. The development of two lessons per construct meant that teachers had some choice regarding which lessons would be most appropriate for their program so long as they addressed each of the nine constructs. Following review of lesson drafts, it was determined that two of the lessons were very similar and should be combined into one lesson. So, ultimately, 17 lessons were developed that emphasized selected math concepts embedded in the agricultural power and technology curriculum.
During the spring 2004 semester, math teachers continued to collaborate with agriculture teachers concerning specific questions related to the math-enhanced lessons and to facilitate teachers' reflections about lessons taught. Accordingly, the treatment was defined as a series of math-enhanced learning experiences (i.e., lessons) designed to raise the embedded, contextualized mathematics found in the agricultural power and technology curriculum to a level of explicit instruction intended to facilitate student learning of selected mathematics competencies and to improve a student's ability to transfer that competence to new and novel settings (Stone, Alfeld, Pearson, Lewis, & Jensen, 2005) . The treatment (i.e., process variable) was delivered as a series of nine lessons each of which addressed a specific math construct over the spring 2004 semester.
For example, a lesson that explained the proper method of area calculation when constructing a greenhouse or agricultural mechanics facility addressed a construct that aligned with state and national mathematics education standards (e.g., NCTM Geometry Standard for Grades 9-12). The lessons were to be taught using the prescribed math instructional model (Figure 2 ). This teaching approach was supported by mathematics education literature (e.g., Bickmore-Brand, 1993 and Kiong & Yong, 2001) . Agriculture teachers were expected to deliver their lessons without any outside assistance from their math teacher partners or other math education professionals during the act of teaching.
A concise view of the treatment implemented in this study and listing of each facet is presented in Table 1 . The elements of the treatment described were delivered only to experimental group teachers and students.
Control group teachers were instructed to make no change relative to the teaching of mathematics in their agricultural power and technology classes. 
Findings
Frequencies and percentages were calculated for selected personal characteristics of student and teacher participants in the study. One-way analysis of variance (ANOVA) was used to compare experimental and control groups' classroom means to test the research hypothesis.
Selected Characteristics of Students
and Teachers Student participants were asked to respond to questions that described selected personal characteristics. The questionnaire revealed that the majority of students were male (84.4%) and of European/Anglo descent (58.5%). One-fourth of the students reported their ethnicity as Native American.
About one-third (31.8 %) of the students were seniors in high school, a similar number (34.5%) were juniors, and about one-fourth (26.4%) were sophomores; the remaining students were either freshmen (6.1%) or did not respond to the question of grade level. Most of the students (82.7%) were between the ages of 16 and 18, and the majority held self-reported grade point averages ranging from 2.6 to 4.0 (72%).
The data collected about agriculture teacher participants (n = 38) revealed that 86.8% of the teachers were male, and 2.6% were female; 10.8% elected not to report their gender. The data also indicated that 73.7% of teachers identified themselves as being of European/Anglo descent, and 15.8% were Native American; 10.8% did not report their ethnicity.
Pre-treatment Analysis
The Terra Nova CAT™ Basic Battery (CTB/McGraw-Hill) examination (46 items) was used as a pre-treatment measure to establish the equivalence of groups regarding general mathematics aptitude. This test was chosen because it is a nationally-normed and reliable test of math skills (McGraw-Hill, 2000) with an internal reliability coefficient of .91 (Cronbach's alpha). No significant difference (p = .07) was detected concerning math aptitude (Tables 2  & 3) . Posttest Analysis Means were calculated by group for the purpose of comparative statistical analysis following the treatment. One-way analysis of variance (ANOVA) was used to compare the experimental and control groups' classroom means to test the study's research hypothesis: H o There is no difference between the two study groups on a mathematics placement test used to determine a student's need for mathematics remediation at the postsecondary level.
An analysis was conducted on student mathematics performance by group using an examination to assess student need for mathematics remediation as measured by a college placement test (i.e., ACCUPLACER; 35 items) taken after the treatment was administered. The control group students achieved a mean score of 13.01 on this measure with a standard deviation of 3.24 while the experimental group had a mean score of 15.56 with a standard deviation of 2.92 (Table 4) . Analysis revealed a significant difference (p = .017) in level of performance between groups following the treatment at an a priori determined alpha level of .05 (Table 5) . Thus, the null hypothesis was rejected. The practical significance of this difference was evaluated based on the calculation of an effect size, i.e., Cohen's d. The effect size for this difference was .83, which was described by Cohen as "large" (as cited in Shavelson, 1996) . , 1996) . b Degrees of freedom differ for the ACCUPLACER examination when compared to the pre-treatment measure (Table 3) due to the random assignment of the three posttest measures. One class was populated by two students so there was no "third" student to whom the ACCUPLACER could be administered; thus, one degree of freedom was eliminated. *p < .05.
Conclusions
The math-enhanced Agricultural Power and Technology curriculum and aligned instructional approach that was implemented as this study's experimental treatment did significantly affect (p < .05) student performance on a mathematics placement test used to determine a student's need for mathematics remediation at the postsecondary level. To that end, findings of this study are consistent with much of the previously published literature concerning the value of contextually-based teaching and learning. The results support what other researchers (Chiasson & Burnett, 2001; Enderlin & Osborne, 1992; Parnell, 1996;  Secretary's Commission on Achieving Necessary Skills, 1991) have concluded, i.e., providing a context in which learning may take place does hold value for improving student comprehension and retention of subject matter. Findings also support Shinn et al. (2003) , i.e., "Secondary agricultural education, through the use of relevant curriculum delivered from a studentcentered perspective by skillful teachers, has high potential for engaging students in active, hands-on/minds-on learning environments rich with opportunities for learning mathematics" (p. 16).
Recommendations for Further Research
Even though the treatment implemented in this study was administered over a relatively short period of time (i.e., one semester), results revealed that, within this particular population, a math-enhanced agricultural power and technology curriculum and aligned instructional approach did significantly affect a student's need for postsecondary mathematics remediation. Moreover, the practical significance of this finding was in the category of a "large" effect size. However, due to the singularity of this study, one should practice caution if generalizing results beyond the 38 classrooms investigated. Accordingly, additional experiments (i.e., replications) should be designed and implemented to explore further the effectiveness of using agricultural power and technology as a useful context for teaching and learning mathematics, especially those constructs deemed appropriate for determining whether students need mathematics remediation at the postsecondary level.
Additionally, future investigations should also focus on the value of implementing this model in other agriculture courses that have significant mathematics components embedded in their curricula. And, because the treatment described was limited to only one semester, future experiments should be longer, e.g., one academic year.
Additional investigation should be conducted regarding the evaluation instrument employed in this study (i.e., the ACCUPLACER test). Its content should be analyzed to determine which mathematics concepts or principles may be taught more effectively by using a contextualized, mathenhanced curriculum and aligned instructional approach that is delivered through an agricultural power and technology course.
The treatment described in this study involved multiple elements of a somewhat complex nature (Table 1) that could result in various "rival hypotheses" emerging when interpreting its results (Campbell & Stanley, 1963, pp. 7, 13, & 14) . So, more research is needed about specific effects that different elements of the treatment may have had on student mathematics performance. Repeating this study under similar conditions could create important opportunities for explaining further the effects of these elements and their respective magnitudes.
More systematic inquiry should be performed concerning the effects of collaboration between math and agriculture teachers on student achievement in mathematics.
For example, agriculture teachers involved in this study spent several hours over the course of a semester reflecting and debriefing with math teacher partners concerning their delivery of mathenhanced lessons.
Additional research should be performed to more accurately determine the value of this type of crossdisciplinary collaboration and its effect on student achievement.
Implications and Discussion
According to the National Assessment of Vocational Education (U.S. Department of Education, 2004), little concrete evidence exists about how career and technical education can contribute to student performance in other subject areas such as mathematics. What is more, Myers and Dyer (2004) recommended that empirical research should be performed to determine how secondary agricultural education could contribute to student achievement across the school curriculum. This study contributes empirical evidence toward those ends. Myers and Dyer (2004) also recommended that, "Once this information is obtained, studies are needed to identify the best methods teacher educators can employ to prepare teachers for this expanded role" (p. 50). So, inquiries should be carried out regarding how to effectively prepare preservice secondary agricultural education teachers to provide contextualized instruction similar to that described by this study. Then, appropriate training could be incorporated into selected pre-service courses that comprise agriculture teacher preparation programs.
This study revealed that school-based reform concerning curriculum integration is effective but it requires a significant investment of time and other resources. These findings are consistent with conclusions published in the National Assessment of Vocational Education (NAVE) report (U.S. Department of Education, 2004) . The report's authors also stated that, ". . . secondary vocational education itself is not likely to be a widely effective strategy for improving academic achievement or college attendance without substantial modifications to policy, curriculum, and teacher training" (p. 2). However, the NAVE report provided evidence that such "substantial modifications" could result in a significant increase in student achievement. This study addressed two of the three areas targeted for change: curriculum improvement and teacher development. In addition, this study provided support for an increase in crossdisciplinary team building activities among teachers. Consequently, efforts should be made by school administrators to provide teachers with opportunities for professional development that includes a focus on integrating subject matter and building collaboration between teachers of different disciplines (Hernandez & Brendefur, 2003) .
The issue of increased student achievement in mathematics is a serious matter facing public education. Not only is concern for achievement in the general population of students at a high level; but, specifically, the mathematics achievement of agricultural education students in at least one state has been found to be below the state average as well as below the level of other career and technical education concentrators (Woglom, Parr, & Morgan, 2005) . So, agricultural educators are encouraged to put concerted effort toward developing and implementing contextualized curricula and teaching approaches that show promise for demonstrating agricultural education's value for supporting student learning across the curriculum.
